Study Design: A retrospective comparative study. Purpose: To compare perioperative medical complications after posterior approach spinal instrumentation surgery for osteoporotic vertebral collapse (OVC) between patients with primary osteoporosis and those with secondary osteoporosis. Overview of Literature: With increased aging of society, the demand for instrumentation surgery for an osteoporotic spine has been increasing. However, no studies have compared the rates or severities of perioperative complications after spinal instrumentation surgery between patients with primary osteoporosis and those with secondary osteoporosis. Methods: Ninety-one patients with OVC aged ≥50 years (23 males and 68 females) who underwent posterior approach vertebral replacement with cages or posterior spinal fusion combined with vertebroplasty were divided into primary (n=56) and secondary (n=35) osteoporosis groups. Bone mineral density (BMD), osteoporosis treatment prior to OVC, operative invasiveness, and perioperative medical complications were compared. Results: Diabetes mellitus (51.4%) was the most common cause of secondary osteoporosis, followed by glucocorticoid use (22.9%). No significant differences were seen in terms of age, gender, BMD, osteoporosis treatment, or operative invasiveness, including the number of levels fused, estimated blood loss, and number of patients requiring transfusion. No significant difference in the incidence of perioperative complications were observed between the primary and secondary osteoporosis groups (16.1% vs. 22.9%). However, surgical site infection (SSI) was significantly more frequently seen in the secondary osteoporosis group (11.4%) than in the primary osteoporosis group (1.8%; p<0.05). One patient in the secondary osteoporosis group developed methicillin-resistant Staphylococcus aureus infection that ultimately required instrument removal.
Introduction
Osteoporosis generally increases bone fragility and leads to an increased risk of fractures, with older women the most severely affected. Vertebral fractures are the most common clinical manifestation of the disease; however, most osteoporotic vertebral fractures respond well to nonsurgical management [1] . However, vertebral fractures may fail to heal in some cases, resulting in progressive collapse and/or pseudoarthrosis. This pathology has been defined as osteoporotic vertebral collapse (OVC) [2, 3] . Symptomatic OVC often requires surgery due to intolerable pain, progressive spinal kyphosis, and/or neurologic symptoms including paraparesis. With increased aging of society, the demand for instrumentation surgery for a symptomatic osteoporotic spine has been increasing [1, 4] .
In elderly patients undergoing surgical treatment for OVC with decompression and/or fusion with instrumentation, the presence of multiple comorbid conditions is not uncommon, particularly among patients with secondary osteoporosis. Although proper planning and patient preparation can optimize the medical condition of patients and help decrease the perioperative risk [5] , primary diseases or conditions associated with secondary osteoporosis, including diabetes mellitus, chronic kidney disease, and glucocorticoid use, may increase the perioperative risk.
However, to the best of our knowledge, no studies have aimed to compare the rate or severity of perioperative complications after spinal instrumentation surgery between patients with primary osteoporosis and those with secondary osteoporosis. Therefore, the present retrospective study aimed to investigate whether perioperative complications after posterior approach spinal instrumentation surgery for OVC are more frequent in patients with secondary osteoporosis than in those with primary osteoporosis.
Materials and Methods

Patients and data collection
Subjects comprised 91 consecutive patients with osteoporosis aged ≥50 years (23 males and 68 females) who underwent posterior approach spinal instrumentation surgery for OVC between 2009 and 2014. Osteoporosis was diagnosed according to the criteria proposed by the Japanese Society for Bone and Mineral Research, as described in the Japanese 2011 guidelines for the prevention and treatment of osteoporosis [6] . Briefly, osteoporosis was diagnosed in patients with (1) any fragility fracture, or (2) bone mineral density (BMD) of less than 70% of the young adult mean.
Patients were divided into a primary (n=56) and secondary (n=35) osteoporosis group according to the causative disease or condition underlying osteoporosis. According to the Japanese 2011 guidelines for the prevention and treatment of osteoporosis [6] , secondary osteoporosis is defined as decreased BMD and decreased bone quality due to one or more causes in addition to genetic factors, lifestyle, menopause, and aging. Secondary osteoporosis is caused by other diseases (e.g., hyperparathyroidism, rheumatoid arthritis, etc.), lifestyle-related diseases influencing bone metabolism (e.g., diabetes mellitus, chronic kidney disease, etc.), and treatments for other diseases (e.g., glucocorticoid use, sex hormone-lowering therapy, etc.) [6] . Thus, in the present study, secondary osteoporosis was diagnosed in patients with any of the aforementioned direct causes of osteoporosis (i.e., diabetes mellitus, chronic kidney disease, glucocorticoid use, etc.). Primary osteoporosis was diagnosed in patients with no apparent causes other than aging and/or menopause. Background data including BMD, osteoporosis treatment, operative invasiveness, and perioperative medical complications were reviewed and compared between the groups.
BMD of the proximal femur was measured using dualenergy X-ray absorptiometry (QDR 4500A, Hologic, Waltham, MA, USA) before surgery. As BMD of the lumbar spine in this population is highly influenced by spinal degeneration and vertebral fractures, BMD data of the lumbar spine were not used. In all patients, surgical procedures, number of levels fused, operation time, and intraoperative estimated blood loss were reviewed as parameters indicating operative invasiveness. Perioperative medical complications were defined as pathological processes that affected patients and occurred during or around the time of surgery (from immediately before surgery to 3 weeks after surgery) that were not directly related to the surgical technique [7] . The present study retrospectively investigated all perioperative medical conditions based on the medical records of each patient, and medical complications were defined as harmful or potentially harmful conditions that required any form of treatment. Deep surgical site infection (SSI) was defined as infection involving the deep muscles or fascia [8] . In Asian Spine J 2017;11(5):756-762 contrast, superficial infection was defined as infection involving the skin or subcutaneous tissue only [8] .
Informed consent to the use of their data was obtained from all patients. All procedures in the present study were performed in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.
Surgical procedure
Surgical indications for OVC in the present study were weakness (paralysis) of the lower extremities and/or intolerable back pain due to intravertebral instability resulting in an unstable vacuum cleft or increased spinal kyphosis. Indicated patients underwent one of the two following posterior approach spinal instrumentation surgeries. If the fractured vertebra was severely collapsed and showed decreased intravertebral instability, the vertebrae were partially or totally resected using a posterior approach and replaced with large, rectangular, parallelepiped cages and autograft bone and pedicle screwing was then applied 1-3 levels above and below the lesion, considering the affected vertebral level and osteoporosis severity [9] . This technique was termed "posterior approach vertebral replacement with rectangular parallelepiped cage" (PAVREC) [9] . The details of the PAVREC procedure have been described elsewhere [9] . If the fractured vertebra had apparent intravertebral instability, posterior decompression (laminectomy) and vertebroplasty (VP) were applied with hydroxyapatite blocks in combination with instrumented posterior spinal fusion (PSF) 1-3 levels above and below the lesion (VP+PSF).
Statistical analysis
All data were analyzed using StatView statistical software (SAS Institute, Cary, NC, USA). For continuous variables, data are expressed as mean±standard deviation. Statistical differences between the groups were compared using paired or unpaired t-tests or the Mann-Whitney U test, as appropriate. The chi-square test was used for categorical variables. Probability values less than 0.05 were considered statistically significant.
Results
Comparison of background data and operative invasiveness
Background data of patients with primary osteoporosis and those with secondary osteoporosis are presented in Table 1 . No significant differences in terms of age, gender, BMD of the proximal femur, or osteoporosis treatment prior to OVC were observed. Thirty-five patients (62.5%) in the primary osteoporosis group and 19 (54.3%) in the secondary osteoporosis group received anti-osteoporosis pharmacotherapy prior to sustaining OVC (Table 2) . No significant difference in the use of anti-osteoporosis drugs was observed between the groups. Diabetes mellitus (51.4%) was the most common cause of secondary osteoporosis, followed by glucocorticoid use (22.9%) ( Table 3 ). The distribution of OVC is presented in Fig. 1 . No significant difference in distribution was observed between the groups, with a peak observed in the region of the thoracolumbar junction in both groups. The comparison of operative invasiveness demonstrated no significant differences between the groups in terms of surgery (PAVREC or VP+PSF), number of levels fused, operation time, estimated blood loss, or proportion of patients requiring transfusion (Table 4) .
Comparison of perioperative complications
Nine patients (16.1%) in the primary osteoporosis group and 8 (22.9%) in the secondary osteoporosis group experienced perioperative complications. No significant difference in the incidence of perioperative complications was evident between the groups. Delirium, hematoma, urinary infection, pneumonia, and SSI were observed in both groups (Table 5) .
SSI developed in 4 patients (11.4%) in the secondary osteoporosis group and in 1 patient (1.8%) in the primary osteoporosis group. The incidence of SSI was significantly higher in the secondary osteoporosis group (p<0.05). No significant differences in the incidences of other perioperative complications were observed.
Among patients with SSI, deep SSI was seen in 2 patients in the secondary osteoporosis group (at 10 and 14 days after surgery) and 0 patients in the primary osteoporosis group. One patient with diabetes mellitus in the secondary osteoporosis group developed deep SSI and underwent open irrigation and debridement of infected tissues. Another patient in the secondary osteoporosis group with chronic renal failure developed methicillinresistant Staphylococcus aureus (MRSA) infection and ultimately underwent removal of the instrument. Patients with hematoma in both groups required open drainage; however, other patients in both groups with superficial SSI, delirium, decubitus ulcers, urinary infection, and pneumonia were successfully treated with conservative treatment. All superficial SSIs diagnosed at 7, 10, and 14 days after surgery were successfully treated with empirical antibiotic therapy.
Discussion
Progressive and symptomatic OVC should be surgically treated where possible to maintain the quality of life of patients. Indications for spinal instrumentation surgery in the elderly and patients with secondary osteoporosis should be carefully considered as these populations have a greater prevalence of comorbidities than patients with primary osteoporosis. However, to the best of our knowledge, no studies comparing patients with primary osteoporosis and those with secondary osteoporosis with regard to perioperative medical complications after spinal instrumentation surgery have been reported. The present study was the first to directly compare perioperative medical complications after posterior approach spinal instrumentation surgery for OVC between patients with primary osteoporosis and those with secondary osteoporosis. The present study found no significant differences between the groups in terms of age, gender, BMD, osteoporosis treatment, OVC distribution, surgical procedure, or parameters for operative invasiveness. Postoperative SSI resulted from multiple patient-and procedure-related factors. Surgeons typically tend to select less invasive surgical procedures for patients with comorbidities, and this may reduce the incidence of complications. However, the results of the present study indicated that the incidences of perioperative medical complications are comparable between the primary and secondary osteoporosis groups under the same conditions of patient background and operative invasiveness.
In the present study, the incidence of perioperative medical complications did not significantly differ between the primary and secondary osteoporosis groups (16.1% vs. 22.9%); however, SSI was 6.3 times more common in the secondary osteoporosis group (11.4%) than in the primary osteoporosis group (1.8%; p<0.05). Furthermore, 2 patients in the secondary osteoporosis group, but none in the primary osteoporosis group, developed deep SSI requiring surgical intervention. In particular, 1 patient in the secondary osteoporosis group experienced severe deep SSI involving MRSA. These results suggest that the overall incidence of perioperative medical complications is similar between the primary and secondary osteoporosis groups under the same conditions of patient background and operative invasiveness; however, careful observations for the development of severe SSI should be performed in patients with secondary osteoporosis.
SSI should be avoided after spinal instrumentation surgery. In general, the presence of instruments increases the risk of SSI following spine surgery. The reported incidence of SSI following spinal instrumentation surgery (3.2%-7.2%) [10] [11] [12] [13] was higher than that following non-instrumented surgery (0.9%-2.6%) [14, 15] . Established patientrelated risk factors for SSI include advanced age, obesity, diabetes mellitus, malnutrition, smoking, glucocorticoid use, and previous spinal surgery [16, 17] . Osteoporosis is also considered to be a patient-related risk factor for spinal instrumented arthrodesis [17] . Schimmel et al. [8] reviewed 1,568 patients (1,615 procedures) who underwent lumbar or thoracolumbar spine fusion and compared 36 patients with deep SSI (2.2%) after surgery with 135 randomly selected uninfected patients to identify risk factors for SSI. Diabetes mellitus was the most important patientrelated risk factor, with the risk of SSI almost six times higher than that in non-diabetic patients (odds ratio [OR], 5.92; 95% confidence interval [CI], 1.23-28.5; p=0.026), followed by smoking habits (OR, 2.33; 95% CI, 1.02-5.32; p=0.045) [8] . Diabetes and smoking are associated with tissue ischemia and small vessel damage, predisposing to an increased risk of SSI [16] . In the present study, diabetes mellitus was the most frequent cause of secondary osteoporosis.
Among comorbidities, kidney disease is considered the greatest risk factor for complications, including SSI. Puvanesarajah et al. [18] recently reported data from the Medicare database in the United States and found that among patients who underwent lumbar spinal fusion, the Although the present study is, to our knowledge, the first to address the question of whether secondary osteoporosis is associated with more perioperative medical complications than primary osteoporosis after posterior approach spinal instrumentation surgery for OVC, several study limitations should be addressed. First, the present study was a retrospective study of a single cohort. Future prospective studies are required to determine the precise incidence of perioperative complications. Second, the present study focused only on medical complications; however, implant-related complications are also an important issue in patients with osteoporosis. The simultaneous assessment of medical and surgery-related complications for patients with primary osteoporosis and those with secondary osteoporosis should therefore be addressed in future studies. Third, the relatively small number of subjects compared to that previously reported epidemiological studies meant that we were unable to conduct multivariate analyses to evaluate the most significant factors affecting perioperative medical conditions in patients with primary osteoporosis and those with secondary osteoporosis. Further studies with larger populations are needed to verify our findings.
Conclusions
The overall incidence of perioperative medical complications after posterior approach spinal instrumentation surgery for OVC was comparable between the primary and secondary osteoporosis groups under the same conditions of patient background and operative invasiveness. However, SSI (particularly severe cases) occurred more frequently in patients with secondary osteoporosis. Among causes of secondary osteoporosis, kidney disease may be a risk factor for severe SSI.
